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Ther waler hyucinib | Eichlormia orosdpes) may be ssed 84 0 somdlive bishigioal millcatar Nor eonl|na-
uusly manioring brece uanlities of loukc bravy metsls in aguatlc systens, & rlver water ipwlem poliuged
welth gusd i ywas smulated while other faclors of lemperuture, dey alght cycle, maler gealiiy, amd Nght
Imlenably remained censtant. Whea the water hyscingh s makstadied @ rlver wabie condaining 0.000 mgi.
ol cedmium chboride, dbe plunt's rout system willl condembrate ihls chenveni sl an sverage rate of 8.9, 1.4,
el 00 g Caldg rosel Ay webghl aler 34, 48, and 73 hr evposure iy, peagechively, Al & higher
vidamium congeniration of B, mgl,, cedmium was concemrsied in the rests much fuvier i levels of 6.8,
136, mnd 3.1 p g rod after 4, 8, and 24 he eoposure periods, nespectively. Al indtlul comdend rstisns of
A gl caedmbam, Dhe ressis conduined 195, 48,8, aad 156 pg'y rosl follosing 4, B; ued 24 hr oupesin
ot rewpeetively . Duriay Lhese sume Hime intervals, the waber hyacindh serbed $8,7, | 53, and 28| o@'d
vinel whem ihe Imlilel cadmbum cencenirailon was Increased to 0, 10 nig!l,

T vruber Bywchnkh ieps cun sl assisl ln the naondlarl g procos shen cadmbum ceniemineiken [vveks
wre 00 mggl. wisd grester. Al Uhis iniikal eadmiuim congenbration, cedmium is irenalocated nbo e Dogs.
Alier Hohr, the dogs averaged 10 pg'y bops ANer B4 br, Dhis condeminmlbon was Increased o &0 'y top.

Introduction

Cidmivm is a toxic, hewvy metsl which can pre-
senil aoserious Wiread to huwman health, Toxic effects
frovim this hewvy metal are well documented. Excess

Clewls of codmium gan couse Kidney und liver dam-
g, pulmionary disease, and cancer in expenmental
animmls =1, Chromie low levels of cadmivm may
coniribute w hypertension, decreased growth, and
altgisitivny in blood cholestersl snd trace element
e Linksobism L ).

Hewvy metils present n serious Form of pollution
i ot sy stems since they do nol degrade as do
il organics, Even trace quantitics of g metals
i wEe Ll sy stems wre serious potential health prob-
I becuwuse of the ability of ceriain aguatic plants
Bop waoined teile henvy malals whiseh are then con:
sunred by fish that Form o part of man’s diet 5, 7).

Lisings Biolopicnl indicotors such as plamts For
mirnioring both air and water pollution has beéen
sonhpmiaed wnd wsed woa limited gatent over the
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s M
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yeurs. Mosses and lichens strongly sorb metal jons
from the abr and water and are useful for detecting
atmospheric and aguatic lead and other metal con-
tamination ($=10). Leaves and twigs of woody
plants have also been used o indicwte atmospherne
poliuitisan (87§

One of the most promising candidates for biologi-
cal indicators of trace levels of heavy metals in
aquatic systems is the waler hyacinth (Eichhornia
cragyipes), In static laboratory experiments, this
plant demonstrated an amazing ability (o sorb and
concentrite cadmium, as well as other metals such
as mercury, lead, and nickel (/2. 10), Water
hyncinths have been vsed successfully by NASA al
the Mativnal Space Technology Laboratonies 1o re-
move organics and heavy metals from ity chemical
witste prior o discharge (9, 1n the course of this
syslem's evaluation, water hyacinths were found o
contwn delegtnble levels of heavy metals, espe-
cially in the roois, altheugh these same heavy met-
als in the waters were below normal detection limits
by atomic absorplion-Name spectrometry. The
study presented in this poper is an oulgrowth of this
obyerved phenomenon. Water hyacinths are used o
develop a rapid, hiological monitoring system for
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eatiiblishing codmivm pollution in the aguilic envi-
rennent,

Procedure

Far cach different cadmivm concentration,
welve glivss agquariums were filled with 15 liters of
nver waler. Mine of the nguoriums were polluted
wilh sufficient 1000 mg Cdil. standord solution to
praduce an approsimate initial cadmivm concen.
tratiom wf (L1 mg/l. for ron 1, 0,05 mgil. for run 2,
andd LV mg/l., for run 3. Three iguariums were lel
unpoliuted, Four groups of nine water hyacinths
wy e thoreughly washed and placed in three of the
peillitesd contiiners ind one of the unpolluted con-
vainuis. Alter 4 hr, three plants from each aquarium
wny removed or analysis, and the remainder of (he
plants woere transferred o four fresh aguariums.
Phis prowedure was repented aguin after 8 hr, Each
wapeiimenl wos lerminated alter 24 hr.

Formun 4, twelve gliss aguariums were filled with
W Ners of river waler. Nine containers were pol-
fured 1o an approximate cadminm concentration of
AN g The es porimient was condiscted in the
sl manner g5 oullined above, except the plants
were eikived wnd transferred ot 24, 48, and 72 hr
mler vils.

Duiring each experiment, the plants were miin-
Ll with growth lights supplying approximately
S HC 1 the plants during a 16 hr photoperiod and
H e myetoperivad, The air lemperaiure was 23 = 590,
The gl unpolluted river water samples were
aly sl according 1o Standard Methody (053 and
foumd to contain the following average concentra-
oo CR25 mge | Lomad JSgebdahl nitrogen; < 0,13 mg,
(s phures. 32 mg/l, dissolved solids; 9 mygl. wolal
ok warlsong pH oG9, The dnitial cadminm con-
ventration of 1 el was determined with an 11,
=55 Mlameless utomizer and an 1L 351 AAAE spec-
Do lusiome ter,

Fhe roots and wops of the pliuts (0 be analyzed
word sepirated, washed, dried al 60°C io g conslant
weight., ground. and homogenized in a Waring
Wendor. A 0500 g of ench plant sample was
welghed and transterred 0 a 75 ml volumetric di-
pestion tube, The plunt sumples were ¢harmed a
AL with 10 ml concentrated Hy S0, for 2 min and
e digested fae 20 min st S00°C with an additional
il conventrnted HNGy, The samples were al-
bowed 1o coul. wmd then 2 ml 3% H, 0y was added.
The tubes were ugain healed 1o 400°C for 10 min.
Fullowing the digestion process, the samples were
diluted oy virlume with deiomized, disilled waier,
il the cidmivm content determined by Mame
spevtrometry by using an 1L 351 AAJAL spec-
traphotometer, A reugent blank was also digested in
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the same manner, and any cadmium introduced into
the plant samples from the reagents was subtracted
from cadmium concentrations {n the plants,

Discussion

The experiments for assessing the potential of
using water hyacinths as biological indicators for
ealimating the level of cadmivm pollution in wguitic
systems were designed to simulate real conditions.
A fresh volume of polluted river water was supplied
to the plants at regular intervals, The cadmium con-
centrations were varied while other fiuctors of 1em-
pernture, day-night cycle, water quality, and light
intensity remained constant. The data in Tables |
and 2 are the results of this series of four experi-
manis.

The first experiment conducted with 0.1 mg Call,
wis a relafively high cadmiuvm concentration for
potable or recreationsl witer systems. The water
hyacinths were found 1o average 56.7 ug Cldlg root
(dry weight) after only 4 hr of exposure. The con-
contrabion i the raols comtinued 1o increwse o in
average of 153 ppfg root after 8 hr and 281 ug'g root
aler 24 hr, At this high cadmium level, cadmium
wias first detected in the leaves after only 8 hr of
ER ke,

The concentrition in the second experiment was
decrensed 1o 0,03 mg CWI. The quantity of cadmism
sorbed per gram dry root weight over Lhe same time
intervals was almost exactly half of the concentra-
tions found at the 0.1 mg Cdil, level. The cadminm
was concentrated o average levels of 29,5, 44,8,
and 156 'y oot ulter 4, H, and 24 b, respectively.
Mo cidmivm was detected in the leaves of these
plants, nor was any ¢iadmium detected in the leaves
of any of the later experiments,

This same trend wiis ulso observed in the third
experiment when the cadmium concentration was
decreased 1o 0.001 mgd. The codmium concentrm-
tions in the roots averaged 6.8, 13,6, and 3.1 ppig
root after 4, 8, und 24 hr, respectively.

The exposure time in the Tourth experiment was
incrensed in order for the water hyacinths to ac-
cumulite sulTicient codmium ot the 0,000 mg'l, bevel
lo be detected by the procedure oullined above.
This very low concentrution of cadmium in the
water hiwd 1o be determined by atomic absorption
using w Mameless atomizer. The cadmium in ihe
water could not be detected withoul concentrating It
if the normal method of astomic absorption-Mame
spectromelry il bean used, The first root sumples
analyzed after 24 hr exposure contained an average
of Y ug'g rool. This concentrotion was fur less
than the expected vilue of one-tenth of the 39,1
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Foievimn 1 Average amoinl of Cd sabed by ohe rome under
dulferent Cd coneentrations and exposure imes. {The circled
il e e benis he aieoual o Cd soibed wflee B he whn
enparsed L0 1 gl Odd wnd was mat nsed in the leasi-squnres

anilysin, The stindard devimteon for this posal seised by
(LA

jip's ront foumd after 24 hre of exposure in 001 mg
Ll Mowever, the 24, 48, and 72 hr sumples dem-
wistriated o fairly consistent linear relationship of ug
Clig oot (10W),

Dewicinlier 19TH

TE , HOURS:

i X Average wmosnd of Ca soibail sy witer Byucinihs va
Liimee o ¢ poasare 1o Ol congenbral s of 0,000 s, in river
wiler.

Conclusions

The data from Table | were plotted in Figure 1,
which demonstrates low o family of curves con e
used to estimate low levels of cadmium in river
waler ulilizing water hyaciniha, Al very low levels
of cadmium this graph must be expanded a3 in Fig:
ure 4,

The leaves were found b be uselul for estimating
high cadmium concentrations. Al the highest level
of cndmivm in this stedy, the leaves contuined de-
tectable levels of cadmium even after 8 hr of expo-
s,

The sorption rales of cadmium as well ns other
toxie heavy metals will viiry from one system 1o
another depending on environmental fetors. How-
ever, the dala necessary 1o obtuin o fumily of curves
such as Figure | for u particular aquatic system can
be obiained without much difficulty.
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